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first and second linear sections (18, 20) that intersect at an intersection (22) whereat the bump is formed. In another aspect of this 
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pon the bump forms at the pad. The solder plate is deposited, preferably by electroplating, at a thickness between about 10 and 25 
microns. Thereafter, when the trace is heated to melt the solder layer, the solder coalesces to form the bump having a height pref- 
erably greater than 40 microns. 
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1 

SOLDER PLATE REFLOW METHOD FOR FORMING A 
SOLDER BUMP ON A CIRCUIT TRACE 



5 Background of the Invention 

This invention relates to a method for forming a solder- 
bumped circuit trace on a printed circuit board or the like. 
More particularly, this invention relates to such method 
10 comprising reflow of a thin solder plate deposited on -a circuit 
trace to cause the solder to coalesce to form a solder bump. 

In the manufacture of a microelectronic package, it is 
known to mount an integrated circuit component onto a printed 

15 circuit board by solder bump interconnections. For this 

purpose, the board includes a copper circuit trace disposed on a 
dielectric substrate. To mount the component, a solder bump is 
attached to a bond pad on the component, typically by placing 
a preformed microsphere of the solder alloy on the pad and 

20 heating to reflow die soldo*. The bumped component is 

assembled with the board such that the bump rests against the 
trace at a predetermined site. The assembly is heated to 
reflow the solder so that, upon cooling to resolidify the solder, 
the solder is bonded to the trace as well as the component pad 

25 to physically join the component to the board and also to 

electrically connect the component to the trace for conducting 
electrical signals to and from the component for processing. 

In the formation of solder bump interconnections, it has 
3 0 been proposed to apply a solder bump to the trace at the 
attachment site to provide additional solder in forming the 
interconnection. Also, as is known, it is convenient to apply the 
solder to a printed circuit board by electroplating. However, 
electroplating produces a generally uniform plate, in contrast to 
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site. 

Summary of the Invention 

to form a bump- 

- onB „_« rf this invention, the trace comprises . first 

T ^T a second linear section that is disposed to 
T^Tf^ seclTat an intersection such that the angle 
intersect the first section ai , ^5 degrees. 

^ to sections * ^J^^Twidth, ty5U 
The first trace section has ' ^ — 150 

less than 500 microns^ ^'^^ anifcrm 
microns. The second ^ mDt bom the first 

width, which may be 5 00 microns and 

section width, that also is typically less uian 
preferably between 50 and 150 microns. 

,™ ct rf this invention, a solder bump is 

^ ^ r^e^ "the r^mter is snitably less 
r^r"d%ably between 50»d 150 micron. 
The enlarged pad has a width, measored parallel to «h 
, width, that is greater than the runner width. 

v, either event, me trace is formed of a -'^^ 
^most commonly copper. ^.»^£^ imd 
includes a thin, outer plate composed of the solder 
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having a uniform thickness. Thereafter, when the trace is 
heated to melt the solder layer, it is surprisingly found that the 
solder alloy coalesces either at the intersection or at the 
enlarged pad, to form the desired bump. In a preferred 
5 embodiment, the solder layer is deposited by electroplating to 
a thickness between about 10 and 25 microns and is reflowed 
to form a bump having a height greater than 40 microns and 
preferably between 60 and 80 microns. 

10 In another aspect of this invention, a method is provided 

for manufacturing a printed circuit board that includes 
applying a copper plate onto a dielectric substrate and 
thereafter applying a photolithographic mask or the like onto 
the plate. The mask defines an opening that exposes the 

15 copper at die trace, but covers the copper plate on the region 
adjacent to the trace. The masked copper plate is immersed in 
an electroplating bath containing dissolved tin and lead ions 
and cathodically biased to codeposit tin and lead metal onto the 
exposed copper to form a thin solder plate: Thereafter, die 

20 mask is removed, and the plate is immersed in a copper 

etching solution. The solder coating protects the underlying 
trace copper, while the solution etches the exposed copper to 
define the trace. The trace is then heated to reflow the solder 
to form the bump. 

25 

Thus, this invention provides a convenient method for 
forming a solder bump on a circuit trace. The bump is formed 
from a thin solder plate, thereby reducing the plating time. 
The solder plate also advantageously serves as an etch mask 
3 0 prior to reflow, allowing the circuit trace to be defined and the 
solder deposited using but a single photolithographic m a sk . 
Even though the solder is deposited as a thin plate, when the 
trace is subsequently heated to melt the solder alloy, the solder 
nevertheless coalesces to farm a bump of a sufficient mass for 
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«, for exampU. in attaching a component b, so!der bump 
interconnection. 

Description of ihe Drawings 

5 T„e present invention will be further iltaammd with 

rcfer e„ce m the accompanying drawings wherem. 

Ttrr 1 is a partial plan view of a printed circuit board 
accordance witli this invention. 

board in FIG. 1, taken along line 2-2, snowing 
15 trace prior to reflow. 

HG 3 is a cross-sectional view of the circuit trace in FIG. 
2 following reflow of the solder plate to form a bump. 



20 



25 



30 



FIG 4 is a partial plan view of a printed circuit board 
showinTan aT^L embodiment of a circuit trace for formmg 
TSL bump in accordance with this invention. 

"PTP 5 is a partial plan view of a printed circuit board 
FIG. 5 is a partial p ^ f ^ f onmng 

showing still another embodiment or . 
fZZ bump in accordance with titis mveuuou. 

HG. 6 is a partial plan view of a ^^J^Ling 
showing still another embodiment of a mremt trace for 
snowing sou _ m ,,_„ with this invenuon- 

a solder bump in accordance wim «u» 

i . »h<«u1 circuit board showing 
FIG. 7 is a plan view of a prmttd cusmt 
ttrmiM ls for forming solder bumps thereon m acemdan 
lids invention. 
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FIG. 8 is a cross-sectional view of the printed circuit 
board in FIG. 1, taken along line 2-2, showing a terminal prior 
to solder reflow; 

5 

FIG. 9 is a cross-sectional view of the terminal in FIG. 2 
following reflow of the solder alloy to form a bump. 

FIG. 10 is an electron photomicrograph showing a solder 
1 0 bump formed on a printed circuit board in accordance with this 
invention. 

FIG. 11 is a perspective view of a terminal on a printed 
circuit board having an alternate configuration suitable for 
15 forming a solder bump in accordance with mis invention; and 

FIG. 12 is a perspective view of a terminal on a printed 
circuit board showing still another configuration suitable for 
forming a solder bump in accordance with this invention. 

20 

Detailed Description of the Invention 

In a first preferred embodiment, referring to FIGS. 1-3, 
the method of this invention is employed to form a printed 

25 circuit board 10 having a solder-bump circuit trace 12. Printed 
circuit board 10 comprises a dielectric substrate 14 of the type 
referred to as an FR4 card and composed of an epoxy resin and 
glass, fiber la m inate. Substrate 14 has a planar major surface 
16 to which is affixed circuit trace 12. For purposes of 

3 0 illustrating the features of this invention, board 10 is only 
partially depicted in the figures, it being understood that the 
depicted region constitutes but a minor proportion of the total 
area and that circuit trace 12 extends onto other regions of the 
board for conducting electrical signals for processing. In 
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^L^^r^^Tof ^ 100 microns. Sections 
baving generally umro intersect at an 

18 and 20 are arranged » » ^ ^ mgle 

5 intersection designated generaD, jt » 50 
between the sections is a right angle, w 

„ , m FIG 2. in accordance with the method of this 

12 " inirially formed of two coextensrve 
invention, orcmt trace 12 « mr y ^^^y adjacent 

of electroplated tin-lead solder aUoy. 
15 v . ., Koard 10 is manufactured by patterning a 

»-» and electro^g ^ ^Tdielecn.c 
Accordingly, a copper plate rs m ^Z^ tins, the plate 
20 substrate 14 to completely cover and** * » J 

"SLSy^aolc id features a copper plate 
Is readily commercially avauanre 
having thickness of about 17 rntcrons. Affl- 
25 photoimageable polymer material « appl"* » ^ a 

exposed J dcd M concentred stannous 
water, 563 grams per uia h*m 
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fluoborate solution; 26.3 grams per liter lead, added as 
concentrated lead fluoborate solution, 99.8 grams per liter 
fluoboric acid; 263 grams per liter boric acid and 193 grains 
per liter liquid peptone. The masked board is immersed in the 
5 bath at ambient temperature spaced apart from a tin-lead 
counterelectrode. An electrical potential is applied to the 
copper plate to negatively bias the copper relative to the 
counterelectrode and codeposit metallic tin and me tallic lead 
onto die exposed copper surface. One advantage of plating the 

10 tin-lead deposited onto the copper plate prior to removing the 
unwanted copper about die trace is that the continuous plate 
facilitates distribution of the plating current to produce a 
uniform electrodeposiL The resulting plate is composed of 
about 40 percent lead and the balance tin and has a thickness 

15 of about 20 microns. The plate thickness is preferably less 
than the thickness of the mask, so that plating is confined to 
the opening above the trace and does not extend upon the 
mask surface. 

2 0 Following plating, the board is immersed in an alkaline 

solution to strip the photoresist mask, thereby exposing die 
copper plate region about the solder-coated trace. The board is 
immersed in an aqueous copper-etching solution containing 
ammonium persulfate, following by a water rinse. The etching 
25 solution removes the exposed copper. However, the tin-lead 
alloy is- resistant to attack by the etching solution and acts as a 
mask to protect the underlying copper trace. In this manner, 
the unwanted copper is removed from about the trace to 
complete fabrication of the solder-plated trace depicted in FIG. 

3 0 2 and featuring the copper plate 24 coated with the uniform, 

thin solder plate 26. 

The printed circuit board having the dual-layer trace 12 
is heated to reflow the solder to form die desired bump on 
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• ♦ .rinn 72 A flux composed of amine hydrochloride and 
intersection 22. A nux wjtu* v , • z- app iicd to 

anane hydrobromide in isopropyl alcohol vehicle is app 
9nam 3 _c in., hoard is immersed m not 

t»* SOlta plate SUrfa«.The^ .S awas 

polyoxyaDgrlene glycol bat* i * me Ucd and 

T d s"^ t "oL intersecdon 22. 

, ^sidual solder fflm 32 remain on 
the thickness is significantly educed c«npared to ^» 
film. Bump 30 ha* a height greater «^ « »«•. 
preferably between 60 and 80 i 
particularly weU suited for use in forming a soldo ° «V 
CcZLLon to attach an electrical component to printed 

circuit board 10. 

In die embodiment depicted in FIG. 1, sectionals and 20 

extend an indefinite length from ^^°*J\J^- 
arrangement is particularly adv^eons „ 

SSlffiU? SIT^TS- porrions of 
intersection 22. nsmg m - t hod of ^ invention is 

T^o" S ^^uons are active 

^"e^cal circuit, hnt ^^J^T 
a solder bump at an intersection wherein only one secno 
25 connected to the circuit. 



10 



15 



20 



Referring to FIG. 4, a printed +~^»J£?Z & 
circuit trace 52 having an alternate =o^on -^le^ 
fanning a solder bump thereon in accordance with ™ 

ftis inveuriot, Trace 52 is disposed on a P^- d ~ C 
substrate 54 similar to substrate 14 m HG ^J^f^ 

comprises a first ^ „ fcT an intersection 

58 that intersect at aright angle_a ^ ^ 

indicated generally at 60. In tnis ™^ 
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56 extends beyond the region depicted in FIG. 4 for connection 
to remote electrical features on board 50 to provide an active 
lead for conveying electrical signals to and from intersection 
60. However, second section 58 is shortened and, except 
5 through the connection through lead 56, is not otherwise 

connected to the electrical circuit. As depicted in FIG. 4, trace 
52 comprises a copper layer immediately overlying substrate 
54 and a thin, uniform tin-lead solder electroplate. That is, 
trace 52 is shown following patterning of the copper layer and 

10 electrodeposition of the thin solder plate in a condition similar 
to FIG. 2, but prior to reflow of the solder alloy. Thereafter, 
trace 52 is heated, for example, by immersion in a hot oil bath, 
to melt the outer solder plate,' whereupon the molten solder is 
drawn onto intersection 60 from the adjacent sections to form a 

1 5 solder bump. 

The size of the bump formed during reflow is believed to 
be principally determined by the surface tension of the molten 
alloy and is independent of the length of the adjacent sections, 

20 provided that sufficient molten alloy is available for forming 
the bump. Thus, for linear sections of comparable widths, the 
size of the bump formed at intersection 60 of trace 52 in FIG. 4 
is believed to be equal to die bump formed at intersection 22 
of trace 12 in FIG. 1, with additional molten metal being drawn 

25 as needed from section 56 to compensate for any deficiency in 
the volume of metal drawn from section 58. 

Referring to FIG. 5, in still another embodiment of this 
3 0 invention, a printed circuit board 70 includes a Y-shaped trace 
72 suitable for forming a bumped intersection in accordance 
with this invention. Trace 72 is affixed to a dielectric substrate 
74 and includes a first section 76 that extends for a remote 
connection to other electrical features on board 70 so as to act 
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as an active lead for J^STS 

c°^~ ^t^T^ £i W 78 and 80 are 
sectioI1 76 at an intersection 82. oecuo h ^ ^h 

disposed eqmangularly about * 2 XnEe 72 is 

. „. hcB—n adjacent sections is 120 degrees. 

JTTrerlow and comprises an underlying copper 
shown pnor to renew «u r uniform, dun 

Uyer immediately adjacent substrate 74 and ■ iu»* rn^ 

78 and 80 increase the volume of 

82 to be drawn by capillary action for forming the Dump 

HO. 6 shows yet another -bc~ °^ 

SDUaW= f ^cLuU ^ Vcompriscs a 

^ comprises a first linear serve 

'-tir.SrL'S^ ^es three . 
as an active lead, in aooxu intersect section 

^The secrions 96. « - 10, ^ ^ 
eoriangmarly about intersection P ' ducted in 

) each section. Th«eafter, trace whereupon 
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for providing the preferred right angle arrangement between 
adjacent sections while increasing the volume of solder 
adjacent the intersection 104. 

5 In the aforedescribed embodiments, the surprising 

formation of the solder bump is found to occur at an 
intersection between a first and a second linear section of a 
circuit trace. The method is particularly suitable for use with 
sections having widths less than 500 microns, such as is 

10 commonly employed in designing circuit traces. The* preferred 
section widths is between about 50 and 150 microns. In these 
embodiment, sections having equal widths were utilized in 
forming the bumps. However, sections having different widths 
may be employed, for example, as necessary to accommodate 

15 other design considerations for the electrical circuit. It is 

believed that optimum conditions for bump formation during 
refLow are provided by sections arranged so that the angle 
therebetween is a right angle. However, conditions for forming 
a suitable bump exist where the angle between the sections is 

20 between about 45 degrees and 135 degrees. 

In another embodiment of the invention, referring to 
FIGS. 8-10, the method of this invention is employed to form a 
printed circuit board 110 having a plurality of solder-bumped 
terminals for mounting an integrated circuit die component by 
solder bump, interconnections. Printed circuit board 110 
comprises a dielectric substrate 112 similar to board 10 in 
FIGS.1-3. Board 110 further includes a plurality of terminal 
sections 116 affixed to a planar surface of substrate 112 and 
surrounded by an adjacent bare region 114. In accordance 
with this embodiment, each terminal section 116 comprises an 
enlarged circular terminal pad 118 connected to a linear 
runner section 120. Runner section 120 extends radially from 
the circular pad 118 and has a generally uniform width w of 
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terminal pad 118 has a diameter w or a 

* • „ml in accordance with the method of this 
Refemng to FIG. 8. m ^ fabricated 

5 invention, each terminal and 124. ^ 
comprising two coextensive metal layer, IB preferably 
122 lies immediately adjacent subaram ^ 
formed of metallic copper havmg high u m U 
conducive to conducting electneal signals. Copper rfLtroplated 
0 coated by thin layer 124 preferably composed of electropla 

^ solder alioy. J^^J^J^o *. trace. 

^"rTe iTTeUse^T s— « — - 
removing the mast xo ^ -older plate serves 

etching the exposed copper, whereupon the solder J* 
L5 afTlsk inHung the trace, utilizing the process as 
described for FIG. 1-3. 

As initially formed, die P^^^ 
uniform, thin solder plate overlying the trace ano 

20 reHow the solder to form the desired bumps. 15 
immersed in hot polyoxyalkylene glycol ball ' * » « 
seconds. It was found that during ^™ 
meUed and refiowed to draw solder from me ^ear runner 
tSL 120 and accumulate the solder - ' •—-J^ 1 * 

25 thereby forming a bump 124 shown in FIG. 9. FoUowmg 

reflow . residual solder film 126 remains on runner 120 but 
a tnLness substantially reduced compared to «h= 

initial film. 

nG . 10 is an eiectron ^^^J^^L 
on a tenninal formed in accordance ^^"^f^ 60 
height of the bump relative to ^copper weU 
microns. Thus, the bump was deemed to be particular 
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suited for use in forming solder bump interconnections to 
at tac h an electrical component to the printed circuit board. 

Therefore, this embodiment also provides a solder reflow 
5 method for producing a solder bump on a terminal pad of a 
copper trace which requires but a single photoresist mask to 
d efine the trace including the terminal pad, which permits the 
solder to be deposited by electroplating and subsequently used 
as a mask during etching of the trace* which avoids use of a 

10 solder stop by creating conditions that coalesce the solder onto 
the pad from the adjacent section, and which reduces the 
plating time by depositing a relatively thin plate and reflowing 
to accumulate the desired mass for the bump. While not 
limited to any particular theory, die surprising formation of the 

15 bump during reflow is attributed to the particular 

configuration of the terminal that features an enlarged pad 
connected to a relatively narrow runner and is effective to 
cause the molten solder during reflow to be drawn by capillary 
farces onto the pad from the adjacent runner. In designing the 

20 terminal, it is desired to optimize the ratio of the runner width 
to the pad width to minimis the required thickness of the 
solder plate while coalescing sufficient solder during reflow to 
produce the desired bump size. As used herein, the runner 
width refers to the width of the, runner section immediately 

25 adjacent the enlarged pad, whereas the pad width refers to the 
maximum dimension of the pad measured parallel to the 
runner width. This method is believed to be particularly 
suitable for use with runners having widths less than about 
500 microns, such as is commonly employed in designing 

3 0 circuit traces. The preferred runner width is between about 50 
and 150 microns. A pad width, that is, the diameter for the 
described circular pad, of at least 1J2 times the adjacent runner 
width is effective in drawing sufficient solder to form a 
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suitable tamp- P»f«aMy. the pad width is between about 1J2 
and 2.0 times me runner width. 

Referring to FIG. 11, in stffl another embodiment a 
5 printed circuit board 140 includes a square pad 146 that is in 
SI fashion to provide an enlarged area for coalescence of 
the solder alloy to form a bump. Board 140 including an 
epoxy-glas. substrate 142 and a terminal section 144 that 
S 146 and an adjacent runner 148 mat ««ndsfrom 

10 a comer «f me square pad. To betmr illustrate fte termmal 
pad shape, me terminal section is depicted wtth *e solder 
Plate, but prior ,o reflow to form me bump and thus mdudes a 
copper trace and a thin, uniform solder Uyer sintUar te the 
terminal shown in FIG. 8. During reflow. solder* *»»*~ 

IS the runner section onto me terminal pad to produce a generally 
semispherical bump. 

la stffl a farmer embodiment, FIG. 12 shows a printed 
circuit board 160 comprising an epoxy-glass substrate 162and 

20 having a terminal 164 also suitably configured for the practice 
of this invention. Terminal 164 comprises a generally 
rectangular pad 166 and an adjacent runner section 168 mat 
e^dTfrom a side of pad 166. The terminal is demoted m the 
condition following elecrodeposition and prior m reflow. stmtiar 

25 m me terminal depicted in FIG. 8. to better fflusttate the pad 
ronfitumtimT DuLg reflow. solder is drawn onto dte termmal 
paTSTthe adjacent runner to produce the desired rounded 
bump. 

3 0 A significant feature of mis invention is the formation of 

the bump during reflow from an initial thin plate of solder 
aU„y on the trace. While copper is most commonly selected for 
lie trace metal because of its relative low cost and 
advantageous electrical properties including a low resistance 
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conducive for conducting electrical signals, the terminal may be 
formed of any suitable metal that provides a solder- wettable 
surface, including, for example, nickel or gold, either applied 
directly onto the dielectric substrate or onto a copper or other 
5 metal base to provide an intermediate layer between the base 
and the solder. The solder layer may be formed of any suitable 
soldo* alloy. Typical solder alloys are formed predominantly of 
one or more metal? selected firom the group consisting of lead, 
tin and indium and include lead-base alloys containing about 5 

10 weight percent tin and indium-base alloys containing " about 30 
percent lead. Preferably, the solder is composed of near- 
eutectic tin-lead alloy containing between about 35 and 45 
percent lead. Although the solder is preferably deposited by 
electroplating, the plate may be formed by sputtering or any 

1 5 process suitable for applying a thin layer of the solder metal 
onto the trace. 

In the described embodiments, reflow of the thin solder 
plate also left a residual film on the runner. It is desired to . 

20 deposit a solder thickness adequate to provide sufficient 

molten alloy to mflYimiVj* the bump size. Depending upon the 
intended application, the residual film on the runner may be 
advantageous, for example, to provide a protective coating. On 
the other hand, for a specific trace configuration, it may be 

25 desirable to minimize the initial solder deposit to reduce or 
eliminate the residual film. A solder plate having a thickness 
less than 25 microns provides sufficient metal during ring 
reflow for bump formation. Preferably, the initial solder plate 
thickness is between about 10 and 25 microns. For forming 

3 0 solder bump interconnections, it is desired to produce a bump 
having a height measured relative to the copper trace surface 
of at least 40 microns, and preferably between about 60 and 
80 microns. 
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While this invention has been described in terms of 
certain embodiments thereof, it is not intended that it be 
Kmitcd to the above description bnt rather only to the extent 
set forth in the claims that f ollow. The embodiments of the 
invention in which an exclusive property or privilege is 
claimed are defined as follows. 
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1. A method for forming a solder-bumped circuit trace 
on a dielectric substrate, said method comprising 

5 fabricating a circuit trace on the substrate comprising a 

first linear section and a second linear section disposed to 
intersection said first section at intersection so as to form an 
angle between the sections that is between about 45 degrees 
and 135 degrees, said trace comprising a solder-wettable metal 
1 0 layer adjacent the substrate and an outer plate composed of a 
solder alloy and having a uniform thickness, and 



15 



heating the circuit trace at a temperature effective to 
melt the solder alloy and to draw the molten solder alloy onto 
the intersection to form a solder bump. 
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2 A method far forming a solder-bumped circuit trace 
on a dielectric substrate, said method comprising 

fabricating a circuit trace on the substrate comp^g a 
fcst finear section and second linear section sard first section 
Slg a generally uniform width less than 500 
second section having a generally uniform width less than 500 
^ns and being deposed to intersect said fist s^on *an 
intersection so as to form an angle between the sections that is 
between about 45 degrees and 135 degrees, said trace 

thickness less than about 25 microns, and 

heating the circuit trace at a temperature effective to 
melt Z solder alloy and to draw the molten solder alloy onto 
the intersection to form a solder bump. 
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3. The method in accordance with claim 2 wherein the 
first section width is between about 50 and 150 microns. 

4. The method in accordance with claim 2 wherein the 
5 second section width is between about 50 and 150 microns. 

5. The method in accordance with claim 2 wherein the 
solder plate is an electrodeposited plate composed of an alloy 
comprising between about 35 and 45 weight percent lead and 

10 the balance substantially tin. 

6. The method in accordance with claim 2 wherein the 
solder plate has a thickness between about 10 and 25 microns. 

15 7. The method in accordance with claim 2 wherein die 

solder bump has a height greater man 40 microns. 
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g. a method for forming a solder bumped terminal on 
a planar dielectric substrate comprising 

fabricating a terminal on the substrate, said terminal 
5 comprising a terminal pad adapted for receiving a solder bump 
and a linear runner section connected to the pad, said runner 
section having a predetermined width adjacent me pad «nd 
terminal pad having a width parallel to the section width that 
is greater than the section width, said terminal comprising a 
1 0 solder-wettable metal layer adjacent the substrate and an 
outer plate composed of a solder alloy and having a uniform 
thickness, and 

heating the terminal at a temperature effective to melt 
15 the solder alloy and to draw the molten solder alloy onto the 
tenninal pad from the adjacent runner section to form a solder 
bump. 
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9. A method for forming an electrical circuit trace 
having a solder-bumped terminal pad on a planar dielectric 
substrate, said method comprising 

5 fabricating a trace on the substrate, said trace including a 

dual-plate terminal portion comprising a terminal pad adapted 
for receiving a solder bump and a linear runner section 
extending from the pad, said runner section having a 
predetermined width less than 500 microns, said terminal pad 

10 having a width parallel to the runner section width that is at 
least 1-2 times greater than the runner section width, said 
terminal portion comprising a copper plate affixed to the 
substrate and an outer layer composed of tin-lead solder alloy, 
said copper layer having a uniform thickness, said solder layer 

IS having a uniform thickness less than 25 microns, and 

heating the terminal at a temperature effective to reflow 
the solder alloy, whereupon molten solder alloy is drawn onto 
the terminal pad from the adjacent trace section to form a 
20 solder bump having a height of at least 40 microns. 
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10 The method in accordance with claim 9 wherein the 
runner section width is between abont 50 and 150 microns. 

U The method in accordance with claim 9 wherein the 
5 pad width is between abont 1J2 and 2.0 times the runner 
section width. 

12 The method in accordance with claim 9 wherein the 
terminal pad is a circular pad and the runner section extends 

10 radially from the pad. 

13 The method in accordance with claim 9 wherein the 
terminal pad is a square pad and the runner section extends 
from a comer of the pad. 

14 The method in accordance with claim 9 wherein the 
terminal pad is a rectangular pad and the runner section 
extends from a side of the pad. 

15 The method in accordance with claim 9 wherein the 
solder plate is an electrodeposited plate composed of an alloy 
comprising between about 35 and 45 weight percent lead and 
the balance substantially tin. 

25 16 The method in accordance with claim 9 wherein the 

^ solder plate has a thickness between about 10 and 25 microns 

and the solder bump height is between about 60 and 80 

microns. 
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